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THE INFLUENCE OF SOME GROWTH REGULATING SUBSTANCES 
ON RIPENING, RED COLOR DEVELOPMENT AND PREHARVEST 
DROP OF APPLES 
. 
IRVING E. DEMORANVILLE 
. * t • I 
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INTRODUCTION 
PreharveNt drop of apples is a serious problem to growers 
in many years* Blemish-free apples that fall to the ground 
represent a loss to the grower* Although "drop" apples may 
be quite usable and of good eating quality they are apt to be 
bruised and cut in falling on the ground. Such apples almost 
always must be sold at lower prices than hand picked fruit. 
Hence, growers are vitally interested in keeping such losses 
at a minimum. 
As an apple approaches maturity there is a natural dis¬ 
integration of the cell walls in the abscission zone, which 
is located at the junction of the stem and the cluster base 
of the fruit spur. This sone consists predominantly of soft 
living cells. These tissues are rather tough when the fruit 
is immature, but as maturity approaches, the cell walls change 
in toughness due to changes in their chemical composition. 
The cell walls break down and any supporting tissues, such as 
vascular bundles, ifihich extend across this zone are then 
broken by mechanical strain and the fruit foils* 
Some of the factors that seem to increase preharvest drop 
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are poorly developed or a small number of seeds per fruit* a 
heavy crop# high temperatures near harvest* exoessive soil 
moisture near harvest time caused by heavy rains or by mulch¬ 
ing# lack of soil moisture, deficiency of magnessium or potas¬ 
sium in the soil, a high nitrogen content, weak or diseased 
foliage and a low carbohydrate content in the tree* 
Some of these factors can be remedied by the grower# but 
if environmental conditions favor preharvest drop a large per¬ 
centage of the crop may be lost regardless of grower practices. 
Many growers have tried various methods to reduce these losses# 
by "spot picking" which is inconvenient and expensive, early 
picking which is not too satisfactory because the fruit will 
not have obtained color# size* quality and maturity# and pick¬ 
ing the fruit early and spreading it under trees to develop 
color which is also inconvenient# expensive and uncertain# due 
to weather conditions* 
The discovery of Haphthaleneacetic acid (known as HAA here¬ 
after) about twelve years ago, has helped the grower consider¬ 
ably in controlling preharvest drop, due to its inhibiting ef¬ 
fect upon abscission* This material has limitations, however* 
It has a short period of effectiveness for some varieties, es¬ 
pecially McIntosh. Also, proper timing of the material is very 
important. When the material is applied too soon its influence 
on abscission may be wasted before serious dropping of fruit 
occurs* However* if applied too late abscission may have pro¬ 
ceeded so far that the material no longer exerts any influence 
3 
upon it. Other disadvantages are that it must be applied near 
harvest and this interferes with other harvesting operations# 
It tends to hasten ripening which decreases the storage life 
of the fruit# More than one application may be needed if it 
is to control drop for a sufficient length of time# Many apples 
may be bruised or knocked from the tree by the sprayer in ap¬ 
plying the material* 
1 • • , V.. . . . . . . ' •*' , V ' 
Since the shortcomings of KAA were discovered, other 
materials have been tested in an attempt to find a better ma- 
; \ . ; ' - 
terial for preharvest drop control# About two years ago a 
material was discovered that looked promising (10)# It is the 
triethanolamine salt of 2,4,5-Trichlorophenoxypropionic acid 
(known as 2,4,5-TCPPA hereafter). It seemed to have a longer 
effective period of controlling preharvest drop th^n BAA ma¬ 
terials and could be applied ahead of natural abscission of 
the fruit. Bdgerton and Roffinan (7) reported that it stim¬ 
ulates ripening to a greater degree than BAA materials, and 
that it may hasten or enhance the development of red color of 
apples# These indications and the resultant publicity have 
heightened the interest of fruit growers in this material to 
j m , ■ l. 
a considerable degree. Consequently, they are anxious for 
information concerning its use. 
The objective of this study was to determine the value of 
2,4,5-TCPPA for preharvest drop control as compared to BAA 
materials, and to determine what influence it has on color de¬ 
velopment, maturity of fruit and time of application for dif¬ 
ferent apple varieties# 
H 4 " 
REVIEW OF LITERATURE 
Discovery of an inhibiting effect on abscission of vari- 
.9. t 
ous plant organs by certain synthetic growth substances opened 
up new possibilities for solving the preharvest drop problem* 
In 1939, Gardner, Marth, end Batjer discovered vdiile testing 
various synthetic growth substances that BAA and naphthalene 
acetamide were especially effective in delaying the abscission 
of several apple varieties (17)• 
The length of the effective period of the material on ab¬ 
scission depends on the variety and the conditions under which 
* 
the spray was applied (16, 21). A single application has an 
effective period of control of from one to three weeks, with 
McIntosh having one of the shorter control periods (about 8 
to 10 days at the standard concentration of 10 PPM) (21,30, 
39)* With such a short effective period, proper timing of 
BAA materials is very desirable* Application of the spray 
just at the beginning of the period of increased abscission 
is a prime prerequisite for good control of preharvest drop* 
A prime prerequisite for good control of preharvest drop with 
McIntosh is proper timing of the spray (21,15)* If the ma¬ 
terial is applied too early its effect will have expired by 
the time fruit abscission occurs (42), and if applied after 
the process of abscission is well under way the material is 
not apt to display any inhibiting effect on drop (3). This 
may be one reason why some workers obtained unfavorable re¬ 
sults with the materiel on the variety McIntosh (11). 
Various concentrations of BAA have been tested; 1 PPM 
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allowed an effect on preharvest drop, but was too dilute for 
good results (25), Higher concentrations gave better result**, 
with 10 PPM being considered a good concentration for con*’ 
trolling a medium fall of apples (36,37,38), These higher con¬ 
centrations would be useful in orchards having a serious pre¬ 
harvest drop problem or where the harvesting season extends 
over a long period of time* 
The short period of effectiveness of UAA on the variety 
McIntosh prompted some investigators to try a second applica¬ 
tion of the material in the hope of extending the period of 
* 
control. Murphy (31) found that a repeat application did not 
lengthen the effective period of the hormone, but other workers 
(13,37,38) reported that a second application did lengthen the 
period of drop control. However, the period of preharvest 
drop control was not doubled by the use of two applications. 
The second application should be applied 4 or 5 days after the 
first for good results (16,37). 
Applications of UAA as a dust were tried and were found 
to be fully as effective as the liquid spray (24,27). South- 
wick (36), in his first tests, found that a dust was not as 
effective as the JfAA spray, but revised his opinion in later 
work and stated that the dusts were as effective as spray ap¬ 
plications (37,38). Dusting of trees is much faster than spray¬ 
ing, but favorable conditions are less likely to occur for dust- 
/ 
ting than for Bpraying. Also, good coverage is likely to be 
more uncertain with dust applications. Other methods for ap¬ 
plication of the hormone are as an aerosol (42) or by air- 
- 6 - 
plane (40)* Many large commercial growers now use the air¬ 
plane method of application because of its convenience, speed* 
lack of crop damage and favorable results. 
Experiments have not been limited to NAA alone. The so¬ 
dium, calcium, potassium and ammonium salts of the acid have 
been tested also (21). The amide form of HAA has been used 
experimentally, as well (28). Since experiments indicated 
that this material was of reel value in preharvest drop con¬ 
trol, many commercial formulations came onto the market. Be¬ 
cause of the cheapness and ease of formulation, most commer¬ 
cial products contain either UAA or its sodium salt (UaNAA) 
as the active ingredient. 
Temperature seems to exert an influence on the el feet of 
NAA materials. Batjer (1,2) reported better preharvest drop 
control from applications of the material at medium high tem¬ 
perature than at low temperatures on the same day; however, he 
recommends that high concentrations be sprayed at low temper¬ 
atures. Overholser et al (32) believe that an average tem¬ 
perature of 73° 3?. for 4 or 5 hours after application is best. 
Others report (33) good results with the material after a 
freeze and with low temperatures prevailing. It is generally 
considered that HAA is inefficient if applied after frost has 
injured foliage, but will give good results if applied before 
a freeze as long as the foliage is healthy. The foliage seems 
to be the chief absorbing surface for this material (7) and a 
healthy foliage is apparently more efficient in absorbing the 
material than leaves suffering from pests, spray, nutritional 
deficiency or frost injury. An inadequate supply of 
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soil moisture at the time of application of HAA may also seri¬ 
ously reduce the effect of the material in preventing pre- 
harvest drop (23)* 
Later experiments with HAA materials brought out the fact 
that ripening of the fruit was stimulated when these materials 
were used to control preharvest drop* There seemed to be a 
much greater ripening effect on early varieties than late ma¬ 
turing varieties (5). This ripening effect depends to a large 
extent on (&) season, (b) variety, (c) concentration used, (d) 
number of applications, (e) temperature at which apples are 
stored (35) and (f) time between spraying and harvest (18,35)* 
If fruit is left on the tree too long, water core, increased 
ripening and other breakdown may result (18)* The ripening 
effect of 2,4,5-Trichlorphenoxyaeetic acid (2,4,5-T) on C&l- 
imyna figs was found to be due to raising the normone level 
of the plant to such a degree that the stored reserves of the 
fruit were almost immediately mobilized, whereas the natural 
process is slov/er (8). Whether HAA acts in a similar way is 
not known* 
While experiments were being conducted with HAA materials 
to discover their properties, other materials were also being 
tested in the hope of finding a better preharvest drop spray. 
In 1944, Batjer and Marth (4) found that 2,4-dichlorophenoxy 
acetic acid (2,4-D) was very effective in controlling the drop 
of the variety Winesap. As more tests were conducted it was 
discovered that 2,4-D was a very selective material and was 
effective only for the varieties Winesap, Stayman Winesap, 
Kendall and Bonum (34). Although not effective when sprayed 
on McIntosh, it did give good results when injected into the 
tree (9). Mien 2,4-B was used with oil, injury resulted and 
if applied in August the trees showed injury the next spring 
(26). This difficulty was overcome hy spraying about three 
weeks before harvest or in mid-September (41). 2,4-D is now 
the standard material used for preharvest drop spray for Wine- 
sap and Stayman Wine sap, because it has a longer effective 
period and is cheaper to use (6,19). 2 methyl, 4 chloro- 
phenoxy acetic acid has been found to control ’’drop11 oi the 
Winesap group (29). 2,4,5 frichlorophenoxy acetic acid will 
control drop, but gives a variability in response of indivi¬ 
dual fruits in respect to influence on color (9,20). 
2,4,5-TCPPA is the newest of the growth regulators that 
appears to inhibit preharveet drop. Available data indicate 
that it has a longer effective period of drop control than 
BAA, and seems to cause a ripening effect and an increase in 
. r %-J t . ** , 
red coloration (10,22). It appears that this compound might 
be a great aid to the grower in reducing drop. However, the 
data (22) show that when 2,4,5-TCPPA was compared to BaBAA, 
the HaBAA was applied too late. Heavy fruit abscission was 
taking place before the material had been absorbed. Once 
HeHAA had taken effect there was little difference between 
the two materials in controlling the rate of drop. Wiere are 
also very little data on the coloring and ripening effect of 
the material. 
- 9 - 
MATERIALS Aim METHODS 
Spray materials used in this experiment were the triethan¬ 
olamine salt of 2,4,5-TrichlorophenoxypropiGnic acid (Dow Chem¬ 
ical Co., MCclor-3etM) and tlie sodium gait of naphthalene- 
acetic acid (Dow Chemical Co., MApp-L-SetM). All sprays were 
applied with a gun at 400 pounds pressure from a Hardy hydrau¬ 
lic sprayer. For the limb treatments at the University of Mass¬ 
achusetts Orchard, a three gallon hand operated sprayer was 
used. Trees were selected from the orchards of Paul Washburn 
at Leominster, Massachusetts, Hamilton Lincoln at Lorth Brook¬ 
field, Massachusetts and the University of Massachusetts Or¬ 
chard. Duchess, Gravenstein, Wealthy, McIntosh, Golden De¬ 
licious and Baldwin were the varieties used in the experiments. 
This selection was made intentionally so that early, mid-season 
and late varieties would be tested* Three different McIntosh 
trees were selected at the University of Massachusetts Orchard, 
to which treatments of BaUAA and 2,4,5-TGPPAAapplied on 5 
limbs of each tree. The apples on these limbs were counted 
after application of the treatments and at intervals until 
October 1st. This limited test was set up to give some idea 
of the length of time 2,4,5-TCPPA would be effective in the 
control of preharvest drop. 
Preharveet Drop Procedure 
Preharvest drop experiments were conducted on only the 
variety McIntosh at Leominster, Horth Brookfield and at the 
University of Massachusetts Orchard. At Leominster and North 
io 
Brookfield, 49 trees were selected in an arrangement of 7 
trees (treatments) in each of 7 blocks (replicates)* The 7 
trees were randomized in each block* (Pig* I,II)* Analyses 
of variance were made on the drop data obtained* In these 
tests, Maleic Hydrazide (MH-30) was used in conjunction with 
BaNAA in one spray in order to determine if it has any in¬ 
fluence on the rate of fruit ripening* Laboratory tests by 
F. W* Southwick and W* H* Laohman on preclimacteric tomatoes 
indicate that MH-30 acts as a ripening inhibitor, and it was 
added to an HaHAA treatment to see if it would counteract the 
ripening influence of that material* On September 12th and 
13th, after all spray treatments were applied, all apples were 
removed from the area under each tree* After these fruits 
were removed the number of drops was recorded every other day, 
until the crop was harvested* After obtaining the total yield 
in bushels and determining the average number of fruits per 
bushel, the cumulative percent drop was calculated. 
Maturity Procedure 
The influence of 2,4,5-TCPPA and UaBAA on maturity was 
measured on all 6 varieties. Firmness of flesh, ground color 
and respiration rate were used as maturity indices* Firmness 
of flesh was determined with a Magness-Taylor pressure tester 
using a 7/16" head. As an apple ripens it becomes softer. 
Ground color changes were measured also as a maturity index. 
Generally an immature apple will have a green ground, or under 
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color, which will become progressively lighter green and then 
yellow as the apple matures* The ground color chart for Mc¬ 
Intosh apples, a supplement from Cornell Extension Bulletin 
750, was used* This chart has a series of five colors rang¬ 
ing from yellow to green and numbered from 1 (yellow) to 5 
(green)* The ground color of the apple is then compared by 
eye with the colors on the chart and its ground color matched 
to the nearest numbered color on the chart* 
Respiration tests were conducted on Duchess and Wealthy 
as a further index of maturity* Respiration changes were 
measured in terms of the amount of COg evolved by the fruit 
at 74° F* As the fruit matures, its rate of 002 evolution in- 
t - . ' i 
creases until the climacteric is reached and then gradually 
declines. Generally those fruit that reach their climacteric 
first ere the ripest* The rate of C02 evolution was measured 
by using an apparatus described by i&nmert (12)* This method 
involves the absorption of COg in a known quantity of sodium 
hydroxide* The carbonates are then precipitated with barium 
chloride and an aliquot of the supernatant liquid titrated 
with standard hydrochloric acid using phenolphthalein as an 
indicator. From these measurements the milligrams of C02 pro¬ 
duced per kilogram per hour were calculated* 
Red Color Procedure 
The effect of 2,4,5-TCPPA and NaNAA on red color develop¬ 
ment was measured on all of the varieties. The varieties were 
scored for surface red color with an estimation by eye of the 
- 14 
amount of surface area of the fruit that was red. This color 
was estimated in 10 percent gradations* 
1 •» ;■ , *. • ■ • ~ * • • 
EXPERIMENTAL RESULTS 
Duchess 
Duchess was the first variety treated since it is the 
earliest maturing apple tested. Eighty-five Duchess trees# 
about 10 years old# were selected in Washburn's Orchard at 
Leominster. On July 26# 1951, 59 trees received 20 PPM 2,4,5- 
TCPPA# 21 served as untreated check trees and 5 received 20 
PPM HaNAA. Samples were taken for color, ground color and firm- 
' » ' 
ness of flesh determinations on August 6, 1951 (about two weeks 
after spraying)* Preharvest dr©p was not considered in this 
test; therefore# the NaNAA was applied at the same time as 
2,4,5-TCPPA for the purpose of comparing the color and ripen¬ 
ing effect of the two materials under similar circumstances* 
Tests on firmness of flesh, ground color changes and red color 
are recorded in Table X. The difference in ground color be¬ 
tween treatments was not significant. Untreated fruits were 
0*6 lb. firmer, on the average, than treated fruits, which is 
of slight significance ( a difference of 1.0 lb. is considered 
to be the minimum difference necessary for significance)* 
Fruits from the two spray treatments were nearly identical in 
firmness* 
For the Duchess variety to be classed U*3. Fanoy, 20 per¬ 
cent or more of the fruit surface area must be red* There were 
3.8 percent more fruit of the U.S. Fancy grade color require- 
15 
Table I - The Influence of RaNAA and 2,4,5-TCPPA on Red 
Colori Firmness and Ground Color of Duchess 
Apples - Washburn Orchard, Leominster - 1951. 
Sprayed July 26, 1951 - Picked August 6, 
1951. 
*01 
surface 
area red 
Treatment'* 
Check BeHAA-20PPM 2.4.5 -TCPPA-20PPU 
Percent of crop in various color classifications 
0-10 40.0 27.8 | ' ' - ' f' ** 25.3 
10-20 36.0 44.4 40.0 
20-30 20.0 21.1 22.1 
30-40 2.7 5.6 8.4 
40-50 1.3 1.1 4.2 
Composite Percent of Red Color: 
0-20 76.0 72.2 65.3 
20-50 24.0 27.8 34.7 
Firmness of Flesh - 20 apples per treatment 
Ay. (lbs.) 17.3 16.6 16.7 
Ground Color**- 20 apples per treatment 
4.3 4.7 4.6 
Samples from 3 to 5 trees per treatment, 20 to 25 apples 
rated per tree 
Color gradations from yellow (1) to green (5) 
16 
ment in the NaNAA treated sample than the untreated sample* 
These color differences were not observable in the orchard 
just prior to harvest* 
Respiration tests (Fig* III) showed that both the 2,4,5- 
TCPPA and HaNAA sprayed apples were producing CO at a faster 
2 
rate and reached their climacteric before the unsprayed ax; pies* 
2,4,5-TCPPA sprayed apples respired at a slightly higher rate 
* ^ ’ ■ '* H w '* . V 
than the RaHAA sprayed apples, but th* difference is not con¬ 
sidered significant* These data show a faster rate of ripen¬ 
ing, and consequently, a reduced marketable life for the fruit 
treated with 2,4,5-TCPPA and HaffAA. 
Gravenstein 
*• * • i . ,* •; Lr . ■, ’ ' )./ . j ' s. | 
The results with Gravenstein were more striking than 
those with Duchess. Ten trees, each approximately 25 years of 
age were used for this test. Seven were treated with 20 PPM 
2,4,5-TCPPA July 31, 1951, and 3 were used as untreated check 
trees (NaHAA was not used in this test). Samples for color, 
ground color end firmness of flesh determinations were taken 
August 22, 1951, 3 weeks after spraying. Results are recorded 
in Table II. There was a difference of 0.7 in ground color, 
on the average, between the sprayed and unaprayed apples, as 
determined by differences in ground color. Many of the sprayed 
apples were more mature than the unsprayed apples. The spray¬ 
ed apples averaged 5.5 lbs. softer than the unsprayed apples. 
Fully one-third of the treated apples were of no commercial 
value, as they hod already reached a stage of mealyness that 
17 
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fable II - The Effect of 2,4,5-TCPPA on Red Color, Firm¬ 
ness and Ground Color of Gravenstein Apples - 
Washburn Orchard, Leominster - 1951* 
3prayed July 31, 1951 - Picked August 22, 1951 
% of treatment 
surface 
area red Check 2.4.5-TCPPA-20PPM 
Percent of crop in various color classifications 
0-10 
« , V 
85.3 23.2 
10-20 10.7 14.6 
20-30 3.3 13.9 
o
 i 
o
 
to 0.0 16.6 
40-50 0.7 
to . 
co 
50-60 0.0 12.6 
60-70 0.0 6.6 
70-80 0.0 2.6 
80-90 0.0 1.3 
Composite Percent of Red Color ► • 
o
 i to
 
o
 
96.0 37.8 
20-100 4.0 62.2 
Firmness of Flesh - 25 apples per treatment 
Range (lbs.) 14-18 5-18 
Av. (lbs.) 15.7 10.3 
Ground Color**'- 25 apples per treatment 
4.9 4.2 
3- Samples from 3 check trees, 6 sprayed trees, 150 apples 
rated per treatment 
Color gradations from yellow (1) to green (5) 
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was unpalatable to a consumer. Some fruit were ripened to a 
much greater degree than others* This fact is brought out by 
the data on range of pressures covered in the fiimness tests* 
The untreated fruits varied in fiimness by 4 lbs., whereas the 
treated fruit varied in firmness over a 13 lb. range. 
The red color requirement for the variety Gravenstein for 
the U.S* Pancy grade is 25 percent or more of the surface area 
red. About 58.0 percent more sprayed apples met the U.S. 
Pancy color requirement than fruits from the unsprayed trees* 
The advanced maturity of the 2,4,5-TCPPA treated fruit 
seemed to be closely associated with the increased red color. 
The influence of this material on maturity was very noticeable 
in the orchard by the more yellow ground color and increased 
$ 
red color of the treated fruit. Consequently, the treated 
trees could be distinguished very readily from the untreated 
trees merely by observation. 
Wealthy 
Tests with the variety Wealthy were conducted at Wash- 
bum^ Orchard in Leominster and Lincoln’s Orchard at Horth 
Brookfield* Treatments were applied on August 14, 1951 at 
both locations and test samples taken 14 and 21 days after 
applications. haHAA and 2,4,5-TCPPA were used in both these 
tests* 
At horth Brookfield, 15 trees approximately 30 years of 
age were used. Ten trees received 20 PPM 2,4,5-TCPPA, 2 were 
used as untreated checks and 3 trees received 20 PPM HaHAA 
20 
applied at the seme time as 2,4,5-TCPPA* Wealthy did not show 
much response to either spray treatment as far as maturity was 
concerned. Samples taken 14 days after the spray applications 
showed no change in ground color between any treatment, and 
very little change in firmness between sprayed end unsprayed 
fruit (fable III). 
The color requirement for the variety Wealthy for the 
| * i $ * * . I Cl t- . 
ti.S. Fancy grade is 33 percent or more of the surface area 
red. There were 12 percent more 2,4,5-TCPPA treated fruit, 
and 8.1 percent more NaNAA treated fruit in this grade than 
there were in the untreated sample. 
At Leominster 10 trees were used, wnich were about 30 
years old. Six received 20 PPM 2,4,5-TCPPA, 2 served as checks 
and 2 trees received 20 PPM NaNAA applied the same time as 
2,4,5-TCPPA. These trees were treated the same day as the 
trees in North Brookfield, and samples taken on August 29, 
1951, 14 days after spraying. A portion of this sample was 
tested for red color and maturity and the remainder kept for 
6 days at room temperature and then retested as far as ground 
color and firmness of flesh were concerned. These results 
appear in Table IV. These data show a sli^at increase in 
ground color for the treated over the untreated fruit. 2,4,5- 
TCPPA treated fruits were only 0.5 lb. softer, on the average, 
than either NaNAA or the untreated fruits. 
The effect of the treatments on red color was more pro¬ 
nounced. Although only 6.6 percent more apples met the color 
requirements of 33 percent or more surface red color for a 
Table III - The Influence of RaKAA and 2,4,5-TCPPA on Red 
Color, Firmness and Ground Color of wealthy 
Apples - Lincoln Orchard, north Brookfield - 
1951. 
Sprayed August 14, 1951 - Picked August 28, 
1951. 
% of 
surface 
area red 
Treatment ^ 
Check BaRAA-2QPPM 2.4,5 -TCPPA-20PPM 
Percent of crop in various color classifications 
0-10 24.7 9.8 5.9 
10-20 25.3 24.2 23.7 
20-30 14.7 21.6 23.0 
30-40 16.0 22.9 - 22.4 
40-50 10.0 7.2 11.8 
50-60 3.3 7.8 5.9 
60-70 4.0 2.6 4.0 
70-80 2.0 3.9 2.0 
80-90 0.0 0.0 1.3 
Composite Percent of Red Color • • 
0-30 64.7 55.6 52.6 
30-100 35.3 44.4 47.3 
Firmness of Flesh - 20 apples per treatment 
Av. (Lbs.) 13.4 13.1 13.3 
Ground Color ** - 25 apples per treatment 
4.8 4.8 4.8 
Sample s from 3 to 5 trees per treatment, 150 apples 
rated per treatment 
Color gradations from yellow (1) to green (5) 
*1 
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Table IV - The Influence of BaBAA end 2,4,5-TCPPA on Bed 
Color, Firmness and Ground Color of Y/ealthy 
Apples - Washburn Orchard, Leominster - 1951. 
Sprayed August 14, 1951 - Picked August 29, 
1951. 
* of treatment’*' .. ... . - 
Surface 
area red_Check_MRHAA-20PPM_2.4.5-gCPPA-20PHt 
i. I f, « ■ < ‘ , » *V 1 >, rK * i* • . «, v w < > ’ - * • 
Percent of crop in various color claseifications 
0-10 27.3 10.0 10.0 
10-20 34.7 32.7 19.3 
20-30 20.0 32.7 25.4 
30-40 12.7 14.7 23.3 
40-50 
. v, 
4.0 2.0 13.3 
50-60 1.3 4.6 5.3 
60-70 0.0 .7 3.4 
70-80 0.0 £.6 0.0 
Composite Percent Bed Color: 
0-30 82.0 75.4 54.7 
30-100 18.0 24.6 45.3 
Firmness of Flesh - 25 apples per treatment 
K&nge (lbs.) 12-16 12-16 12-16 
(at harvest) 
(After 6 days) 11-16 10-15 9-13 
Av. (lbs.) 14.1 14.1 13.5 
(at harvest) 
(after 6 days) 13.1 12.3 11.4 
Ground Color25 apples per treatment 
(at harvest) 4.96 4.9 4.8 
(after 6 days) 4.96 4.9 4.6 
Semples from 2 to 5 trees per treatment, 150 apples 
rated per treatment 
** Color gradations from yellow (1) to green (5) 
j 
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grade of If.S. Fancy where BaNAA was applied as compared to 
the checks, about 27*3 percent more of the 2,4,5-TCPPa treated 
fruit met these requirements than did the unsprayed fruits# 
However, the influence of either of these materials was not 
sufficiently pronounced so that an observer could tell one 
treatment from another just prior to harvest* The apples 
that were held at a room temperature of about 70° F. for 6 
days showed a more distinct ground color change for the 2,4,5- 
TCPPA treated fruit* NaHAA treated fruit averaged about 1 lb* 
softer and 2,4,5-TCPPA treated averaged about 1.7 lb* softer 
than untreated fruit* 
Another sample was taken after a 21 day interval had 
elapsed after treatment. No valid data could be obtained 
from the treatments at North Brookfield at thi3 time, because 
the trees had been "spot picked* a day or two before the time 
of sampling, The sample taken from Leominster showed (Table 
V) a more pronounced increase in ground color for the 2,4,5- 
TCPPA treated fruit. The range of pressures wa3 also greater 
for the 2,4,5-TCPPA treated fruit than for the others. The 
2,4,5-TCPPA treated fruit were 1.3 lb. softer than the un¬ 
treated fruit and about 0.9 lb. softer than the N&NAA treated 
fruit. 
There were 8.2 percent more NaNAA treated fruit in the 
U.3. Fancy grade for red color (33 percent or more of the sur¬ 
face area red) than the untreated fruit, and 18.8 percent more 
fruit in this grade for the 2,4,5-TCPPa treated fruit than for 
24 
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Table V - The Effect of RaKAA and 2,4,5-TCPPA on Red Color# 
Firmness and Ground Color of Wealthy Apples After 
a Time Interval of 21 Days - Washburn Orchard# 
Leominster - 1951* 
Sprayed August 14# 1951 - Picked September 4, 1951. 
% of Treatment 
surface 
area red Check HaHM.-20PPM_2.4.5- TCPPA-20PPU 
Percent of crop in various color classifications 
0-10 17.8 9.3 3.0 
10-20 33.8 28.0 13.0 
20-30 23.2 29.3 24.0 
30-40 17.2 22.7 
, l \ i. 16.0 
40-50 6.6 5.3 13.3 
50-60 1.3 2.7 3.0 
60-70 0.0 1.3 8.0 
70-80 0.0 1.4 4.0 
00
 
o
 t tc
 
o
 
0.0 0.0 0.7 
Composite Percent Red Color: 
o
 
to i 
o
 74.8 66.6 56.0 
30-100 25.2 33.4 44.0 
Pimness of Flesh - 25 apples per treatment 
Range (lbs.) 
Av. (lbs.) 
12-16 
13.6 
12-15 
13.20 
9-15 
12.32 
t 
Ground Color** - 25 apples per treatment 
4.96 4.96 4.5 
-X- Samples from 2 to 5 trees per treatment, 150 apples 
rated per treatment 
Color gradations from yellow (1) to green (5) 
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the untreated fruit* Apparently increasing the time between 
treatment and harvest did not increase the difference in red 
color development between treated and untreated fruits* 
The respiration Figures (Fig. IV, V) show that all fruit 
regardless of treatment were at about the same stage of ma¬ 
turity, and that none of the treatments had any appreciable 
influence on maturity* This is indicated by the fact that all 
treatments evolved about equal amounts of 00 • 
M 
McIntosh 
McIntosh was the only variety used in the preharvest drop 
control tests, because of its great commercial importance in 
this State and its tendency to abscise prematurely. Hed color 
development and firmness of flesh were tested with this vari¬ 
ety also* A block of trees in a commercial orchard at both • 
Leominster and north Brookfield were used* Of the 7 treat¬ 
ments, 3 were of 20 PPM 2,4,5-TCPPA, with application dates 
of August 30th, September Qth, and September 11th, 12th, 1951* 
There were 3 KaHAA treatments, one of 10 PPM NaNAA, one of 
20 PPM MaflAA and one of 10 PPM HaffAA plus 250 PPM Maleic Hy- 
drazide (MH-30) plus 6*5 oz. of Dreft as a wetting agent. The 
MH-30 was used because it was reputed to be a growth inhibi¬ 
tor, and it was thought that it might nullify any ripening 
effect of the MaHAA on the fruit. One group of 7 trees was 
left untreated and served as checks. The trees at Leominster 
had an extremely heavy set of fruit throughout the test block* 
AIbo, they were more uniform in size and vigor than the trees 
- 26 - 
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used at Uorth Brookfield, The drop problem was more pronounced 
in the Leominster block, as well* 
At Leominster (Table VI) the unspr&yed fruit were firmest, 
while the 2,4,5-TCPPA applied two weeks prior to NaNAA pro¬ 
duced the softest fruit. The fruit receiving a 2,4,5-TCPPA 
treatment two weeks prior to MaHAA was 3 lbs. softer, on the 
average, than the check fruits, and the other two 2,4,5-TCPPA 
treatments showed fruit 2.3 and 1.6 lbs. softer than the check 
fruit. These 2,4,5-TCPPA treatments were at least 0.8 lb. 
softer than any MaKAA treatments. The range of pressures was 
also greater for the 2,4,5-TCPPA treated fruit than for the 
others. 
The minimum color requirements for the variety McIntosh 
for the U.S. Fancy grade are 50 percent or more of the sur¬ 
face area red. In addition, the Mass. Extra Fancy grade re¬ 
quires 66 percent or more of red color. The two earliest 
treatments of 2,4,5-TCPPA gave from 7.5 - 10.0 percent more 
apples in the U.S. Fancy color range (50 percent or more red) 
than the untreated check, and the three 2,4,5-TCPPA treat¬ 
ments gave from 14.4 - 26.0 percent more fruit in the Mass. 
Extra Fancy color range (66 percent or more red) as the un¬ 
sprayed checks. The 20 PPM HaUAA application was the next 
most effective treatment, but it resulted in only 2 percent 
more fruit of the U.S. Fancy color requirement and 7 percent 
more of the Extra Fancy color requirement than the check fruit. 
The color development was so pronounced in the earliest 2,4,5- 
TCPPA treatment that these trees could be distinguished from 
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Table VI - The Influence of NaNAA end 2,4,5-TCPPA on Red 
Color and Firmness of McIntosh Apples - Wash¬ 
burn Orchard, Leominster - 1951. Picked Sept. 
21, 1951 - 2 bu. per treatment (40-50 apples 
each tree)• 
jl of Treatment^and Date Applied 
surface 10PPM 20PPM 2,4,5- 2,4,5- 2,4,5- iqPPM Check 
area red NaHAA NaNAA TCPPA TCPPA TCPPA HaHAA (untreated) 
9/12 9/12 20PPM 20PPM 20PPM +250PPM 
8/30 9/8 9/12 MH-30 + 
___Dreft 9/12_ 
Percent of crop in various color classifications 
©
 » 1-
' 
o
 
0.0 0.0 o
 
. ©
 
0.0 0.0 0.0 0.0 
10-20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
20-30 0.0 0.4 0.0 0.0 0.0 0.0 2.4 
30-40 6.8 3.5 0.0 0*0 2.1 1.4 2.9 
40-50 16.4 4.3 0.5 2.8 11.3 10.8 5.2 
50-60 27.7 20.3 11.5 12.0 14.2 22.0 23.2 
60-70' 24.1 27.3 25.3 26.8 21.3 29.1 29.4 
70-80 19.1 28.6 29.9 39.4 30.1 27.8 23.2 
80-90 5.9 11*7 24.0 16.7 17.2 8.5 12.3 
90-100 0.0 3.9 8.8 2.3 3.8 0.4 1.4 
Composite Percent i Ked Color: Vr ' - *•; '• 
o
 
to i 
o
 23.2 8.2 0.5 2.8 13.4 12.1 10.4 
50-70 51.8 47.6 36.8 38.8 35.5 51.1 52.6 
70-100 25.0 44.2 62.7 58.4 51.1 36.7 36.9 
Fi rmness of flesh - 20 apple s per treatment 
Range(lbs .)13-16 12-15 9-14 11-15 11-15 12-15 13-15 
Av*(lbs.) 14.5 13.9 11.5 12.3 13.0 13.7 14.6 
#■* 7 trees per treatment 
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the trees of other treatments toy observation# The apples of 
this treatment were "eating ripe" and also showed evidences 
of water core which later disappeared in storage# All three 
2,4,5-TCPPA treatments seemed to show a close positive cor¬ 
relation between increased color and advanced maturity, as 
shown by measurements on firmness of flesh# 
At Horth Brookfield, results were not similar to those 
obtained at Leominster as far as maturity and color were con¬ 
cerned (Table VII). The earliest 2,4,5-TCPPA treated fruit 
was 1.3 lbs. softer, (as compared to 3.0 lbs. softer in the 
Leominster test) than the check, but the other two treatments 
were only sli^itly softer than the checks. The KaNAA treat¬ 
ments were slightly softer than the last two 2,4,5-TCPPA treat 
ments. The range in pressure was about the same for all treat 
ments. 
\ ,v ' Y V 
The untreated trees had slightly more fruit in the U.S. 
Fancy grade (50 percent or more red) than any other treatment 
except the BaNAA +- MH-30 treatment. The 2,4,5-TCPPA treatment 
did have from 9.0 - 12.5 percent more Extra Fancy fruit, how¬ 
ever. Bone of the treated trees could be distinguished from 
the untreated trees by observation just prior to harvest. 
Apparently, in the absence of any marked influence on maturity 
2,4,5-TCPPA has very little influence on red color develop¬ 
ment • 
In preharvest drop tests at Leominster, checks shed 18.0 
percent of fruit in nine days. Fig. VI shows a graphic pic¬ 
ture of the drop at the Leominster block. It should be noted 
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Tabic VII - The Influence of RaNAA and 2,4,5-TCPPA on Red 
Color and firmness of McIntosh Apples - Lincoln 
Orchard, Horth Brookfield - 1951# Picked 
September 24, 1951 - 2 bu. per treatment* 
I . ^ • ,• w • , , ,4 , . / 
jt of Jreatment^and Date Applied  
surface 10PPM20PPM£,4,5- 2,4,5- 2,4,5-10PPM Check 
area red NaHAA NaNAA 'fCPPA TCPPA TCPPA HaKAA 
9/11 9/11 20PPM 20PPM 20PPK *250PPM 
8/30 9/8 9/11 MH-30. +• 
_____Dr eft 9/11 
Percent of crop in various colorclassifTcations 
0-10 0.0 o.e . 0.0 0.0 0.0 0.0 0.0 
10-20 
y ' '• .. i \; • 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 
20-30 0.0 0.0 
fi i < . . *. 
0.0 0.0 0.0 0.0 0.0 
30-40 
, r* .fi ,• v , f . , 
1.5 1.8 0.9 0.5 1.4 0.0 0.0 
40-50 3.0 5.4 3.3 1.9 3.3 0.0 2.0 
50-60 19.4 13.7 17.5 13.4 14.0 18.2 19.9 
60-70 34.8 36.6 21.8 31.1 24.8 36.0 34.3 
70-80 34.3 28.1 35.1 37.3 33.6 32.0 
• •. •• . ■ } ‘ V 
35.8 
■ *' 
80-90 6.5 3.5 19.0 12.4 18.7 12.8 8.0 
90-100 0.5 0.9 2.4 3.4 4.2 1.0 0.0 
Composite Percent of Red Color: 
0-50 4.5 7.1 4.2 2.4 4.7 0.0 2.0 
50-70 54*2 55.3 39.3 44.5 33.8 54.2 54.2 
70-100 41.3 
T ( * 
37.5 56.5 53.1 56.5 45.8 43.8 
firmness < Df flesh - 20 apples per treatment * 
Range(lbs 
i 
.)14-17 12-16 13-15 13-17 13-16 14-17 14-17 
Av*(lbs*) 14,8 14.5 14.1 14.9 15.0 15.1 15.4 
* 7 trees per treatment 
(To Ja */■> SAia^inmno 
CD 
OJ 
GO 
l 
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that the 2,4,5-TCPPA applied at the same time as NaNAA re¬ 
quired about 5 days to take effect; whereas, the NaNAA was 
controlling drop very efficiently within 3 days after appli¬ 
cation* This 2,4,5-TCPPA treatment caught up with and sur¬ 
passed the NaNAA treatments in drop control and was surpassed 
only by the 2,4,5-TCPPA treatment of September 8th. If these 
tests had been conducted for a longer period of time, the 
2,4,5-TCPPA treatment of September 12th might have surpassed 
the 2,4,5-TCPPA treatment of September 8th as it did in the 
test at North Brookfield. In Table VIII a difference of 5*8 
percent is needed for significance at the 5 percent level and 
t 
a difference of 7.8 percent to be highly significant at the 1 
percent level on September 21st. It is interesting to note 
that all three 2,4,5-TCPPA applications and the 20 PPM NaNAA 
caused differences in drop that were highly significant over 
the checks. The two late 2,4,5-TCPPA treatments were also 
significantly better in reducing drop than the 10 PPM NaNAA 
and 10 PPM NaNAA + 250 PPM MH-30 + 6.5 os. Dreft treatments. 
The differences in percent drop on September 2lst between 10 
PPM NaNAA, 20 PPM NaNAA, 10 PPM NaNAA 4 MH-30 4 Dreft and 20 
PPM 2,4,5-TCPPA 8/30 treatments were not significant. The 
NaNAA lost its effectiveness after 7 days vihile the last two 
2,4,5-TCPPA treatments were still holding well after 9 days 
time. 
At North Brookfield (Table XX) the trees did not have a 
heavy natural drop as indicated by the check trees. The check 
trees in the test dropped only 8.0 percent of their total crop 
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Table VIII - The Effect of DaHAA and 2,4,5-TCPPA on Pre- 
harvest Drop of McIntosh Apples - Washburn 
Orchard, Leominster - 1951, 
/kV, Cumulative Percent Drop 
Treatment and 
Date Applied 
3ept. 
15 
Sept • 
.. 17 . 
Sept. 
.... 19 
Sept.** 
21  
Yield(bu. 
10PPM HaBAA-9/12 1,9 2.7 5.0 12.5 299.5 
20PPM Ha»AA-9/l2 2.3 2.8 3*4 9,0 266.0 
20PP1I 2,4,5-TCPPA-8/30 1.1 1.7 2.6 
x i ' ' 
8.5 305.8 
20PPH 2,4,5-tCPPA-9/8 1.3 2.2 2.7 4.2 323.2 
20PPM 2,4,5-l*CPPA-9/l2 3.3 4.5 5.1 6.0 313.2 
10PPU MaHAA +• 250PPU 
MH-30 + Draft-9/12 
2.4 3,1 
; 
4.4 12.8 331.2 
\ 
tj. ' . . ; 
Check 4.1 7.2 11.4 18.0 304.7 
*■ Total of 7 trees per treatment 
** L S D at 5* 5.8* 
L S D at 1* 7.8* 
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Table IX - The El feet of HaNAA and 2,4,5-TCPPA on Pre¬ 
harvest Drop of McIntosh Apples - Lincoln 
Orchard, Lorth Brookfield - 1951# 
Av. Cumulative Percent Drop 
Treatment and 
Date Applied 
Sept» 
14 
Sept. 
. 1C 
Sept • 
18 
Sept. 
20 
Sept • 
22 
Sept. 
24 
Sept/frYield * 
26 (bu.) 
10PPM NaNAA 
9/11 
0.9 1.3 1.5 1.8 3.8 6.2 8.6 285.4 
20PPM NaNAA 
9/11 
0.7 0.9 1.1 1.6 3.5 5.8 8.2 208.6 
20PPH 2,4,5- 
TCPPA -8/30 
0.3 0.8 1.0 1.3 3.1 5.6 7.6 214.6 
20PPM 2,4,5- 
iCPPA -9/8 
0.5 0.8 1.0 [ 1.3 2.1 3.1 4.2 228.4 
20PPM 2,4,5- 
TCPPA -9/11 
i.i 1.6 1.7 
* 
1.8 2.3 3.0 3.6 , 250.0 
10PPM MaMAA -f 
250PPM MH-30 
*- Dreft -9/11 
0.9 1.3 1.7 2.3 4.9 7.9 11.0 267.3 
Check 1.4 2.1 2.3 2.7 4.1 
«. i ; 
6.3 7.9 224.1 
* Total of 7 trees per treatment 
** LSD at 5& 0.5J& 
LSD at ly> 1.1# 
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in 15 days. The three BaHAA treatments had a larger total 
drop than the check, the 10 PPM BaHAA had a significant drop 
and the 10 PPM BaHAA + 250 PPM MH-30 -+• 6.5 oz. Dreft had a 
highly significant drop over the untreated trees* Fig* VII 
shows the cumulative percent drop for each treatment over a 
period of 15 days in a graphic form. The 2,4,5-TCPPA treat- 
' • ' ’• ; • . • p.-A ■ sy,:- /'7 
ment applied at the same time as BaHAA again required about 5 
days before its effect on drop was noticeable* or about 2 to 
3 more days than BaHAA required to take effect* 2,4,5-TCPPA 
applied at the same time as HaBAA was the best treatment at 
the end of the test, having the lowest drop* The earlier ap¬ 
plication of 2,4,5-TCPPA applied 3 days before BaHAA was also 
significantly better in controlling drop than BaHAA* The BaHAA 
treatments lost their effectiveness after 8 or 9 days, but the 
last two 2,4,5-TCPPA applications were still holding well after 
15 days* Despite the fact that there was not a heavy natural 
drop, the 2,4,5-TCPPA treatment applied at the same time as 
HaBAA still reduced the "drop* by more than 50 percent. 
Five limbs from each of three McIntosh trees at the 
university Orchards were selected to measure the effect of 
time of application on the holding capacities of the materials 
2,4,5-TCPPA and BaHAA* This small scale test was set up in 
case insufficient data on this point was obtained in the two 
main experiments at Leominster and Horth Brookfield. The ma¬ 
terials were applied at 20 PPM concentrations to compare with 
untreated check. Treatments were; 2,4,5-TCPPA applied 2 weeks 
prior, 1 week prior and at the same time as BaBAA, BaBAA and 
o/n a Aiq.Ginum') 
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an untreated check* This test covered the period from 
September 10, 1951 to October 1, 1951 (Table X)• The un¬ 
sprayed limbs lost the largest percentage of fruit through¬ 
out the test period, having lost 86 percent of their total 
fruit at the end of the test. The three 2,4,5-TCPPA treat- 
ments lost the least amount of fruit, and all had approxi- 
■ 
mately the same total drop at the end of the test. The 2,4,5- 
TCPPA treatments lost from 26-30 percent less fruit than the 
UaEAA treatment and from 36-40 percent less fruit than the 
checks, HaJJAA lost effect in about 10 days, the early 2,4,5- 
TCPPA treatment in 10-12 days, the middle 2,4,5-TCPPA treat¬ 
ment in 12-13 days, end the late 2,4,5-TCPPA treatment in 15 
days. This test indicates, as the large commercial trials 
show, that 2,4,5-TCPPA is superior to HaKAA for preharvest 
drop control when applied at the same time as HaNAA or sev¬ 
eral days ahead of it. 
Golden Delicious 
In this test an application of 20 PPM 2,4,5-TCPPA was 
applied 5 weeks ahead of harvest to half of a group of 14 
year old Golden Delicious trees at the University Orchard as 
shown in Table XI, The spray was applied August 31, 1951, 
and samples taken October 4, 1951, 2,4,5-TCPPA treated fruit 
were 2.4 lbs, softer than the untreated fruit. There was 
also a much greater range of pressures with the sprayed fruit, 
showing that the ripening effect of the material was not un¬ 
iform. That the sprayed fruit was riper is indicated by the 
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Table X - The Effect of MalTAA and 2,4,5-TCPPA on Pre 
harvest Drop of McIntosh Apples - Limb 
Treatments, University Orchard - 1951* 
Cumulative Percent Drop 
Treatment*and 
Date Aoolied 
Sept 
16 
• 3 cpt• 
20 
Sept. 
24 
Sept. 
25 
Sept 
88 
. Oct. 
1 
Total 
Mo. Pruits 
20PPU 2,4,5- 
tfCPPA - 8/31 
12.3 19.3 40.5 43.2 46.4 49.4 472 
20PPM 2,4,5- 
TCPPA - 9/5 
14.8 22.5 
i 
35.5 36.6 37.8 46.0 426 
20PPM 2,4,5- 
TCPPA - 9/10 
5.3 23.7 28.4 29.9 46.0 50.1 511 
20PPM HaHAA 
9/10 
22.3 29.5 55.1 55.7 
. j » : 
69.7 75.9 336 
Check 24.5 56.4 70.2 
V.-- : 
72.7 82.4 85.7 392 
* Each treatment applied to one limb on each of three 
», 
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Table XI - The Influence of 2,4,5-TCPPa on Firmness, 
Ground Color and Uniformity of Color on 
Golden Delicious Apples - University Orchards - 
1951. 
Sprayed August 31, 1951 - Picked October 4, 
1951. 
. .. Treatment^ 
Ground Color 2,4,5-TCPPA 20 PPM Check 
Percent of crop in various color classifications 
1 21.9 8.00 
£ 24.4 21.3 
3 21.9 l / . V II. 27.3 
4 21.8 32.7 
5 10.00 10.7 
Color Uniformity ' ’ 4 *1 * 
Solid 57.00 50.00 
Streaked 43.00 50.00 
Firmness of Flesh - 25 apples per treatment 
Kange (lbs.) 9-20 14-20 
Av. (lbs.) 13.6 15.9 
Samples from 3 check trees and 4 sprayed trees 
Color gradations from yellow (l) to green (5) 
\ 
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fact that they possessed a higher percentage of fruit with a 
yellow ground color* Approximately 46 percent of the sprayed 
fruit were in class 1 and 2 (yellow) as compared with only 29 
percent of the unsprayed fruit* Hed coloration is not a factor 
with this varietyi but a Golden Delicious with a good yellow 
coloration is more acceptable to the consumer than a similar 
apple with a green or yellowish-green ground color* 
n ’ > . t , • * % # § , s t • i. y; '* ] i 
** Baldwin 
Baldwin trees were sprayed at the same time as Golden 
Delicious* August 31* 1951* and samples taken at the same 
time* October 4, 1951* In other words* 5 weeks elapsed between 
application and harvesting* The trees were located at the 
University Orchard and were about 14 years old* Six trees 
were used* 3 received 20 PPM 2*4,5-TCPPA and 3 were left as 
checks* There was no significant change in ground color be¬ 
tween the fruit from the treated and untreated trees* and the 
treated fruit was only 0*4 lb. softer tnan the untreated fruit* 
Differences in red color were not significant either* There 
were only about 8*0 percent more fruit meeting red color re¬ 
quirements for the U*3* Fancy grade (33 percent or more of 
the surface area red) on the sprayed trees (Table XII)* 
DISCUSSION AND CONCLUSIONS 
2,4,5-TCPPA (20 PPM) appears to be a better material for 
controlling preharvest drop of McIntosh than NaNAA if it is 
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Table XII - The Effect of 2,4,5-TCPPA on Red Color, 
Firmness and Ground Color of Baldwin Apples - 
University Orchard - 1951. 
Sprayed August 31, 1951 - Picked October 4, 
1951. 
% of Treatment ^ 
surface 
area red 2,4, 5-TCPPA 20 PPM Check 
Percent of crop in 
1 * r x • . V.S •£ ‘ ' if *; 
various color classifications 
0-10 0.0 3.3 
10-20 4,7 11.4 
20-30 18.6 16.7 
30-40 26.7 24.7 
40-50 21.3 19.3 
50-60 12.7 11.3 
60-70 7.3 
to . 
70-80 6.7 4.0 
80-90 2.0 2.0 
Composite Percent of Red Color: 
0-30 23.3 31.3 
30-100 76.7 68.7 
Firmness of Flesh - 20 apples per treatment 
Range (lbs.) 16-23 14-25 
At. (lbs.) 19.1 19.5 
Ground Color*# - 20 apples per treatment 
4.96 5.0 
*• Samples from 3 trees of each treatment, 150 apples per 
treatment 
it# Color gradations from yellow (l) to green (5) 
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applied within a few days prior to or at the same time as 
HaNAA is normally applied (when unblemished fruit commence 
to abscise), the data show that 20 PPM 2,4,5-TCPPA applied 
two weeks prior to HaNAA on McIntosh m&y have a pronounced 
effect on ripening and red color development, but its in¬ 
fluence on drop terminates at about the same time as 20 PPM 
NaNAA applied at the regular time. In other words, 2,4,5- 
TCPPA may be effective fcr preharvest drop control for about 
three weeks. As 2,4,5-TCPPA seems to need 2 or 3 days longer 
than JteHAA to become effective, it should be applied about one 
week or less before high seeded, blemish free apples commence 
to fall, for best control of preharvest drop. The reason 2,4,5- 
TCPPA requires a longer period of time to become effective in 
controlling drop than BAA materials may be due to a difference 
in rate of foliar absorption. However, this statement is 
purely speculative. The orchardist can solve this problem by 
applying the material before he would ordinarily apply MAA. 
The fact that 2,4,5-TCPPA has a longer period of effectiveness 
allows the grower to be somewhat less precise in timing the 
application. 
The effect of 2,4,5-TCPPA between varieties and even 
within varieties appears to be variable as far as its in- 
. , i 1 \ 
fluence on color and maturity is ooncerned. In these tests 
the varieties Wealthy and Baldwin did not seem to be greatly 
affected by the material as far as red color and maturity were 
concerned. McIntosh sho^ved different results in red color and 
maturity from one orchard to another. Even on varieties where 
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there was a distinct influence on maturity there were apt to 
be marked variations from one apple to another. These vari¬ 
ations are very difficult to explain. Perhaps there may be 
physiological differences in varieties to explain the fact 
i 
that some varieties were affected while others were not. Also 
factors such as nutrition and difference in size of crop may 
play a role in the differential results obtained with McIntosh 
in two orchards. However, these theories probably would not 
account for the variable results between fruit on the same 
t r ee. 
2,4,5-TCPPA appeared to have its greatest influence on 
maturity and color when it was applied early, as shown by the 
McIntosh treatments. The first application (about 3 weeks 
before harvest) was the only one that significantly influ¬ 
enced firmness of flesh at both locations, and it also in¬ 
fluenced the red color of the fruit at Leominster. Graven- 
stein also showed a distinct maturing effect when the material 
was applied early and the fruit allowed to hang on the tree 
for three weeks. 2,4,5-rTCPPA appeared to influence color 
greatly only when it had a marked effect on maturity . There 
seemed to be a close positive correlation between color in¬ 
crease in Golden Delicious, Gravenstein and McIntosh and their 
rate of softening. 
NaKAA apparently influences color and maturity also, as 
shown by these data, but it does not seem to cause as great 
an influence as 2,4,5-TCPPA. The influence on color by HaHAA 
had not been observed more generally, because of the fact that 
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the material has always been used as a preharvest drop control 
and applied late. Wien applied early it did influence color, 
which was probably due to its effect on maturity. Whether or 
not the increased color effect of 2,4,5-TCPPA was entirely due 
to an effect on increased maturity is not known. There is no 
information available at this time on the keeping quality of 
fruit sprayed with 2,4,5-TCPPA, but it is possible that a 
late spray treatment applied a few days ahead of when 1JAA 
would ordinarily be applied and a medium interval of time be¬ 
tween spraying and harvesting will not impair the storage 
quality any more than MAA. 
3UMMAHY 
2,4,5-TCPPA at 20 PPM gave good control of preharvest 
drop for a longer period of time than either 10 or 20 PPM 
of NaifAA if applied 4 or 5 days ahead of# or at the same 
time as a properly timed HaBAA treatment (when unblemished 
fruit commence to abscise). 2,4,5-TCPPA (20 PPM) may con¬ 
trol drop for a period of two to three weeks. 
2,4#5-TCPPA (20 PPM) takes about 5 days to become effective 
% 
for preharveat drop control. This period is 3 or 4 days 
longer than NAA materials which usually require 1 or 2 
days to take effect. 
2,4,5-TCPPA (20 PPM) when applied 3 to 5 weeks ahead of 
harvest may hasten maturity and color development greatly. 
Applications 10 to 14 days prior to harvest seem to in¬ 
fluence both maturity and color to much smaller extent, 
if at all. 
There seems to be a close positive correlation between in¬ 
creased color and advanced maturity. 
The ripening effect of 2,4,5-TCPPA 20 PPM when it occurs, 
is not the same for all fruits on a given tree. Some of 
the apples may become overripe by a given calendar date 
while others are still immature. 
2,4,5-TCPPA did not seem to have much effect on the vari¬ 
eties Wealthy and Baldwin as far as red color and maturity 
were concerned. The variety McIntosh also showed a varia¬ 
bility in red color and maturity at different locations. 
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JNaNAA at the rate of 10 to 20 PPM may increase red color 
slightly, probably as a result of its ripening effect on 
the fruit. This increase in red color as with 2,4,5- 
TCPPA is most apt to occur when the material is applied 
early. 
, 
- 
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